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Abstract
This paper is a sequel of papers [1-8], being an immediate continuation and supplement to
the last of them, where gravitational autolocalization of a body has been considered. A resulting
solution, which describes a one-place location, has been called gravilon. Here it is shown that a
gravilon is the only solution, i.e., that many-place gravitational autolocalization is unreal. This
is closely related to nonreality of tunneling in the conditions under consideration.
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1
Why, then, do we not experience macroscopic bodies, say cricket
balls, or even people, having two completely different locations at
once? This is a profound question, and present-day quantum theory
does not really provide us with a satisfactory answer.
Roger Penrose
Introduction
In the previous paper [8] of this series, the possibility of a gravitational autolocalization has
been established. A resulting solution describes a one-place location of a body, which is called
gravilon. But in [8] the question on nonreality of many-place gravitational autolocalization has
not been even raised. This paper makes up for this essential deficiency.
The answer to the question is positive: Many-place gravitational autolocalization is unreal.
The essence of the matter is as follows.
For the sake of simplicity, we consider the case of a two-place location. A wave function
of the center of mass of a ball in such a situation depends on some parameters: the distance
between location places and coefficients in the linear combination of one-place functions. The
requirement that the wave function be an eigenfunction of the Hamiltonian results in a relation
for the parameters, which singles out a set of measure zero for the admissible values of the
parameters. This result is obtained neglecting the tunneling between the locations, so that
nonreality of many-place location is closely related to nonreality of tunneling in the conditions
under consideration.
Thus the only solution to the problem of gravitational autolocalization is a one-place loca-
tion, i.e., a gravilon.
1 Basic equation
Let ψ(~r) be a wave function of the center of mass of a ball with a mass M [8]. ψ must satisfy
the Schro¨dinger equation,
Hψ = ǫψ (1.1)
where the Hamiltonian
H ≡ H [ψ] = − h¯
2
2M
△+ V (~r;ψ) (1.2)
and V is the potential energy of the ball in a gravitational field caused by the ball itself with
the wave function ψ.
2 Two-place function
For the sake of simplicity, let us consider the case of a two-place location:
ψ ≡ ψ(~r) = cIψI(~r) + cIIψII(~r) (2.1)
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where
ψI = ψ1(~r), ψII = ψ2(~r − ~R) (2.2)
and
R≫ a0, r0i, i = 1, 2, (2.3)
here a0 is the radius of the ball and r0i is an effective radius of ψi. We may put
cI = e
iα
√
1− b2, cII = eiαeiβb, 0 ≤ b ≤ 1, (2.4)
so that, dropping eiα, we have
ψ ≡ ψ(~r; b, β, ~R) =
√
1− b2ψ1(~r) + eiβbψ2(~r − ~R). (2.5)
Now, in view of eq.(2.3), we neglect the tunneling between the two locations and choose
ψ1, ψ2 to be eigenfunctions of the Hamiltonian,
Hψi = ǫiψi. (2.6)
We have
H = H [b, β, ~R], ψ1 = ψ1(~r; b, β, ~R), ψ2 = ψ2(~r − ~R; b, β, ~R), ǫi = ǫi(b, β, ~R). (2.7)
3 The set of two-place states: measure zero
We have from eqs.(2.5), (2.6)
Hψ =
√
1− b2ǫ1ψ1 + eiβbǫ2ψ2, (3.1)
so that for (1.1) to be satisfied, the relation
ǫ1(b, β, ~R) = ǫ2(b, β, ~R) ≡ ǫ(b, β, ~R) (3.2)
must be fulfilled.
Eq.(3.2) determines a set of measure zero for admissible values of the parameters b, β, and
~R. This implies that many-place gravitational autolocalization is unreal.
4 Tunneling
Let us consider the tunneling, which was neglected. The condition of this neglect is
DV ≪ ∆ǫ (4.1)
where
D ∼ e−2
√
2M(V−ǫ)/h¯2L, (4.2)
is the transmission coefficient and ∆ǫ is the distance between energy levels.
3
We have [8]
V − ǫ ≈ V ∼ κM
2
a
, a = a0 + r0, (4.3)
where κ is the gravitational constant,
∆ǫ ∼ h¯
2
Ma2
, (4.4)
and
L = R. (4.5)
Thus eq.(4.1) reduces to
λe−
√
λR/a ≪ 1 (4.6)
with
λ ∼ κM
3
h¯2
a, (4.7)
or
λ ∼
(
M
mP
)3 a
lP
, (4.8)
where mP is the Planck mass and lP is the Planck length.
We have by eq.(2.3)
R
a
≫ 1, (4.9)
so that the condition (4.6) is fulfilled. In fact, since by [8]
λ≫ 1 (4.10)
holds, the inequality (4.6) is very strong.
Thus nonreality of many-place gravitational autolocalization is closely related to nonreality
of tunneling in the conditions under consideration.
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